ABSTRACT Infants with severe aortic valve stenosis often are critically ill and require urgent surgical treatment. Currently, angiography is used at the time of cardiac catheterization to diagnose aortic valve stenosis. However, the use of this test may be hazardous in an unstable infant and may precipitate hemodynamic and clinical deterioration before surgery. Therefore, a noninvasive method of accurately making this diagnosis would be useful in that it would allow the risks of cardiac catheterization to be avoided. Between January 1982 and September 1983, 10 infants with critically severe aortic valve stenosis and intact ventricular septum were examined by echocardiography. There were no falsepositive or negative results in this time period and several criteria for the noninvasive diagnosis of critical aortic valve stenosis were recognized. These included immobile aortic valve cusps and left ventricular hypertrophy with increased echo density of the left ventricular papillary muscles and mitral valve support apparatus. Patients without other aortic obstruction had poststenotic dilation of the ascending aorta, as evidenced by a ratio of the diameter of the ascending aorta to that of aortic valve anulus greater than 1.7. A disturbed Doppler velocity signal in the ascending aorta supported the presence of valvar stenosis. Nine patients underwent cardiac surgery and five survived. In five patients surgery was performed without angiographic examination. The correct diagnosis was made noninvasively in each, and four of the five patients survived surgery. Echocardiography was comparable to angiography in making the diagnosis and assessing the cardiovascular anatomic characteristics. Echocardiography could therefore replace angiography in selected infants with symptomatic aortic valve stenosis and should be routinely used in the evaluation of these patients. Circulation 70, No. 3, 438-444, 1984. SEVERE aortic valve stenosis in infancy is a highly lethal congenital condition characterized by predominant aortic valve disease (unicuspid or bicuspid aortic valve), intact ventricular septum, and absence of additional right-sided congenital cardiac lesions. Medical therapy is usually unsuccessful and urgent aortic valvotomy is indicated in the symptomatic infant. 1-5 However, early operative mortality is high (30% to 80%) because of anatomic and clinical factors that result in
SEVERE aortic valve stenosis in infancy is a highly lethal congenital condition characterized by predominant aortic valve disease (unicuspid or bicuspid aortic valve), intact ventricular septum, and absence of additional right-sided congenital cardiac lesions. Medical therapy is usually unsuccessful and urgent aortic valvotomy is indicated in the symptomatic infant. 1-5 However, early operative mortality is high (30% to 80%) because of anatomic and clinical factors that result in sis and small size of the left ventricle. 6 Two-dimensional echocardiography has been used to assess aortic valve stenosis in adults7 and children8 and has been useful in the definition of morphology of the left ventricular outflow tract. We recently reported the use of two-dimensional echocardiography in the selection of a group of neonates with severe left ventricular outflow tract obstruction who were most likely to survive surgical intervention.9 Based on this experience and using improved two-dimensional/Doppler echocardiographic equipment, we reviewed our recent experience concerning the impact of echocardiography on the diagnosis and management of symptomatic aortic valve stenosis in infancy. Two questions were addressed: (1) Can echocardiography be used to confidently diagnose aortic valve stenosis in infancy and characterize the intracardiac and extracardiac anatomy? (2) What noninvasive criteria can be used to characterize critical aortic stenosis that will allow it to be M mode echocardiograms were available in all but two infants and were analyzed in standardtfashion to quantify left ventricular end-diastolic dimension (LVEDD), systolic dimension (LVESD), and shortening fraction (SF LVEDD LVESD/LVEDD). These measureinents were supplemented by measuremeents from freeze-frame two-dimiiensional echocardiographic images that were obtained for the quantitation of similar variables plus diameter of the aortic valve anulus, maximum dimension of the ascending aorta, and right ventricular enddiastolic dimension. The severity of poststenotic dilation of the ascending aorta was quantitated by the ratio of the diameter of the ascending aorta to that of the aortic valve anulus (figure 2). Normal values for measurements from two-dimensional echocardiographic images were obtained in 19 newborn infants without heart disease. In seven patients, pulsed Doppler echocardiography was performed with sampling in the ascending aorta to assess the pattern of blood flow velocity (figure 3). This was subjectively graded as normal, slightly disturbed, or severely disturbed. Student's t test was used to compare nonpaired values for aortic valve anulus, ascending aorta, and the ratio of the two to measurements in normal subjects. Papillary muscle density was graded 1 to 4, with 1 being normal and 4 being echo density comparable to that of the pericardium on short-axis parasternal scans ( figure 4) .
In all patients with critical aortic stenosis there was confirmation of the anatomic characteristics by angiography (in five), autopsy (in four), or surgery (in nine).
Management of infants with symptomatic aortic stenosis was individualized. In those infants in whom a complete examination of intracardiac and extracardiac anatomic characteristics was possible, including those of pulmonary and systemic venous return, the proximal coronary artery, and the aortic arch, the risks of catheterization were weighed against the possibility of an undiagnosed congenital defect being present. Five patients underwent surgery without angiocardiographic examination. In one of these infants, who had normal left ventricular function, the left ventricular pressure was 170 mm Hg at catheterization and aortic valvotomy was done immediately after the catheterization. Four infants received infusions of prostaglandin El as part of the clinical management and the echocardiographic examination was performed during this infusion in each.
Nine of the 10 infants underwent cardiac surgery, including eight who underwent aortic valvotomy and one infant who had a modified Norwood operation for hypoplastic left ventricle with anastomosis of the proximal pulmonary trunk to the ascending aorta and creation of a right subclavian artery-to-right pulmonary artery Gortex communication. Early operative mortality 440 was four of nine (44%) overall and four of eight for aortic valvotomy (50%). Three of the four patients undergoing aortic valvotomy who did not undergo angiography survived.
Results
The clinical findings of aortic stenosis were present in all 10 infants and the cardiothoracic ratio on the admission chest x-ray ranged from 0. Abbreviations are as in figure 1. haps improve the results of surgical intervention by obviating the need for angiographic diagnosis. From noninvasive information we were able to characterize critical aortic stenosis in infancy as a combination of (1) severe immobility of the aortic valve without demonstrable systolic opening, (2) poststenotic dilation of the aorta with an ascending aorta-to-aortic anulus ratio greater than 1.7 (in the absence of coarctation), (3) severely disturbed Doppler-determined pattern of 442 ascending aortic flow velocity, (4) left ventricular hypertrophy with increased echo density of mitral papillary muscles comparable to the density of pericardium, and (5) right ventricular enlargement. Criteria 1, 2, and 3 were diagnostic of critical aortic stenosis, and 4 and 5 were present in all patients, although most prominently when the left ventricular shortening fraction was less than 25%.
The overriding principle in the treatment of the in-DIAGNOSTIC METHODS-CONGESTIIVE HEART FAILURE fant with critical aortic stenosis is to improve papillary muscle and endocardial left ventricular wall perfusion as early as possible. In those neonates with severe aortic valve stenosis and coarctation of the aorta it seems prudent to first treat the coarctation medically with prostaglandin infusion and then to proceed with early aortic valvotomy. They may then be weaned from prostaglandin therapy after surgery and, if this is not tolerated, then coarctation repair can be performed through a left thoracotomy. This is in contrast to the usual method of surgical treatment of multiple levels of left ventricular outflow tract obstruction in which the most distal obstruction is repaired first, but the usual approach is unsatisfactory when severe aortic valve stenosis and myocardial ischemia are present. We speculate that papillary muscle density on the twodimensional echocardiogram may be a marker for left ventricular ischemnia or fibrosis' that can aid in this decision.
The pitfalls of noninvasive diagnosis in the critically ill hypotensive neonate are as follows:
(I) Infants with coarctation of the aorta may present with ventricular dysfunction and poor cardiac output. They do not, however, manifest criteria 2 or 3 outlined above. With aortic stenosis it is necessary to exclude the possibility of severe aortic arch obstruction and this can be done with echocardiography (figure 7).12 One patient in this series (No. 5) developed coarctation of the aorta after successful aortic valvotomy. This neonate was moribund, with a pH of 6.8, on admission, and before and after aortic valvotomy there was no blood pressure gradient between the upper and lower extremities. However, at 3 months after discharge the right arm-to-right leg blood pressures differed by 40 mm Hg. This infant is now asymptomatic and underwent coarctation repair electively at 12 months of age. This appeared to be a case of coarctation developing in the first few months after birth. Compared with the usual diagnostic approach to patients suspected of having critical aortic valve stenoses in which catheterization and angiography are used, the use of echocardiography allowed expeditious surgical treatment and four of five infants managed in this way survived operation. Although it is not yet clear that echocardiography will be superior to angiography in the management of these critically ill infants, it provided comparable morphologic information and, based on this experience, clinical examination (including a chest x-ray and electrocardiographic and echocardiographic examinations) may be adequate to make a diagnosis and plan surgical therapy. This approach was designed for the markedly symptomatic infant and would not be appropriate for the asymptomatic infant with aortic stenosis and no evidence of cardiac dilation. When hemodynamic data could influence patient management, cardiac catheterization should be performed.
